Characterization of short pineapple leaf fiber reinforced tapioca biopolymer composites by Jamiluddin, Jaafar
  
 
CHARACTERIZATION OF SHORT  
PINEAPPLE LEAF FIBER REINFORCED  
TAPIOCA BIOPOLYMER COMPOSITES 
 
 
 
 
 
JAMILUDDIN BIN JAAFAR 
 
 
 
 
 
 
Doctor of Philosophy 
 
UNIVERSITI MALAYSIA PAHANG 
 
 SUPERVISOR’S DECLARATION 
We hereby declare that We have checked this thesis and in our opinion, this thesis is 
adequate in terms of scope and quality for the award of the degree of Doctor of 
Philosophy.  
 
 
 
_______________________________ 
 (Supervisor‘s Signature) 
Full Name  : DR. JANUAR PARLAUNGAN SIREGAR  
Position  : SENIOR LECTURER 
Date   :  
 
 
 
_______________________________ 
 (Co-supervisor‘s Signature) 
Full Name  : DR. SALWANI BINTI MOHD. SALLEH 
Position  : SENIOR LECTURER 
Date   : 
 STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti 
Malaysia Pahang or any other institutions.  
 
 
_______________________________ 
 (Student‘s Signature) 
Full Name : JAMILUDDIN BIN JAAFAR  
ID Number : PMM14013 
Date  :  
 
  
 
CHARACTERIZATION OF SHORT PINEAPPLE LEAF FIBER REINFORCED  
TAPIOCA BIOPOLYMER COMPOSITES 
 
 
 
 
 
 
JAMILUDDIN BIN JAAFAR 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the degree of 
Doctor of Philosophy 
 
 
 
 
Faculty of Mechanical Engineering 
UNIVERSITI MALAYSIA PAHANG 
 
FEBRUARY 2019 
 
 
ii 
ACKNOWLEDGEMENTS 
Alhamdulillah, thanks to Almighty Allah S.W.T, Lord of heaven and earth, for giving 
me sustenance, opportunities and convenience to complete my research. First and 
foremost, I would like to express my gratitude to my respected supervisor Dr. Januar 
Parlaungan Siregar for his encouragement, help, support, wonderful ideas, and 
continuous guidance in making this research possible. I am also thankful to my co-
supervisor Dr. Salwani Mohd Salleh for a lot of help and suggestions during my study. 
My sincere thanks go to my beloved parents, Jaafar bin Mamat and my late mother, Jara 
binti Embong, lovely wife, Suziyati Abd. Majid and my dear daughters, Sofea Qalishah, 
Syifa Qistina and Syaza Qaireena for their love support, understanding and patience.  
Thank you very much to all of my research colleagues and technical members 
especially Mr. Mahadhir Mohd Yusof, Mr. Khairul Azha A Jalal and Mr. Rozikin 
Kamaluddin from Center for Technology and Management Services. Also my gratitude 
to Ir. Dr. Mohd. Bijarimi Mat Piah from Faculty of Chemical Engineering and Natural 
Resources, Dr. Noryanti Mohammad from Faculty of Industrial Science and 
Technology, Dr. Ahmed Nurye Oumer, Dr. Yuli Panca Asmara, Dr. Ahmad Syahrizan 
Sulaiman and Dr. Nasrul Azuan Alang from Faculty of Mechanical Engineering, 
Universiti Malaysia Pahang.  
I would also like to express my thanks to Assco. Prof. Dr. Cionita Tezara from INTI 
University, Dr.Sharmiza Adnan from Forest Research Institute Malaysia (FRIM) and 
Prof. Ir. Dr. Sapuan Mohd Salit from Institute of Tropical Forestry and Forest Product 
(INTROP), Universiti Putra Malaysia for many help and suggestions during my 
research. Last but not least, extraordinary thanks to all members of the Faculty of 
Mechanical Engineering, University Malaysia Pahang. 
 
 
iii 
ABSTRAK 
Pembangunan bahan mesra alam seperti komposit serat semulajadi semakin mendapat 
perhatian dalam beberapa tahun kebelakangan ini disebabkan oleh peningkatan 
kesedaran terhadap alam sekitar berhubung dengan pelbagai kesan buruk yang telah 
dihasilkan oleh polimer berasaskan petroleum. Di antara kesemua serat semulajadi, 
serat daun nanas (PALF) mempunyai potensi besar sebagai agen pengukuhan komposit 
kerana kosnya yang rendah, ketersediaan yang tinggi, kandungan selulosa yang tinggi 
dan sifat mekanik yang relatifnya lebih tinggi berbanding dengan serat semulajadi yang 
lain. Dalam kebanyakan penyelidikan terdahulu, PALF digunakan sebagai penguat 
dalam polimer berasaskan petroleum yang tidak terbiodegradasi bagi menghasilkan 
komposit serat semulajadi. Walau bagaimanapun, inovasi polimer berasaskan kanji 
yang dipanggil biopolimer ubi kayu (TBP) menyediakan alternatif sebagai matriks 
biodegradasi untuk pembangunan komposit mesra alam. Oleh itu, gabungan PALF dan 
TBP dalam pembangunan komposit bio kelihatan seimbang antara perspektif ekologi 
dan ekonomi. Sebagai gabungan baru, penyelidikan ini dijalankan untuk menentukan 
parameter gabungan optimum komposit PALF-TBP dalam menghasilkan sifat mekanik 
yang kompetitif. Terdapat empat pertimbangan penting dalam pembuatan komposit 
dalam menghasilkan sifat mekanik yang tinggi seperti suhu pemprosesan yang 
digunakan dalam proses pembuatan, panjang serat, peratusan kandungan serat dan 
rawatan yang terlibat. Kerja eksperimen bermula dengan proses pencirian bahan TBP 
dan PALF. Selepas itu, penyediaan sampel yang dijalankan terdiri daripada proses 
menghancurkan serat dan pengasingan, proses pencampuran dalaman, pengacuan 
mampatan dan proses pemesinan. Sampel TBP dengan suhu pemprosesan yang berbeza 
(160°C, 165°C, 170°C, 175°C, 180°C dan 185°C) disediakan untuk menentukan suhu 
pemprosesan optimum TBP. Selain itu, sampel komposit dengan panjang serat yang 
berbeza (≤ 0.50 mm, 0.51-1.00 mm dan 1.01-2.00 mm) dan kandungan serat yang 
berbeza (10%, 20%, 30% dan 40%) disediakan untuk menilai kesan variasi panjang 
serat dan peratusan serat pada sifat mekanikal komposit PALF-TBP. Selain itu, tiga 
rawatan yang berbeza telah dipilih iaitu compatibilizer maleic anhydride polypropylene 
(MAPP), compatibilizer maleic anhidride polietilena (MAPE) dan rawatan alkali untuk 
penyiasatan kesan rawatan terhadap sifat tegangan komposit PALF-TBP. Analisis untuk 
menentukan keseluruhan objektif penyelidikan terdiri daripada analisis sifat terma,  dan 
analisis sifat mekanik. Di samping itu, pemeriksaan mikroskop elektron (SEM) telah 
dijalankan sebagai pengesahan keputusan. Hasil kajian mendapati bahawa suhu 
pemprosesan optimum untuk TBP adalah 165°C hingga 170°C dan kombinasi terbaik 
untuk pembangunan komposit TBP yang diperkuatkan oleh PALF pendek adalah yang 
dihasilkan oleh pengacuan mampatan yang terdiri daripada 30% kandungan serat dan 
7% kandungan agen gandingan MAPP. Walau bagaimanapun, pengaruh pelbagai 
panjang serat sehingga 2.00 mm tidak memberikan pengaruh yang signifikan ke atas 
menghasilkan sifat tegangan maksimum. Penemuan ini menunjukkan bahawa gabungan 
PALF dan TBP yang pendek mempunyai potensi besar sebagai komposit mesra alam 
untuk menjadi alternatif kepada polimer konvensional dalam aplikasi kejuruteraan 
terutamanya dalam sektor automotif. Peningkatan pembangunan komposit PALF-TBP 
pada masa akan datang seperti penggunaan PALF dengan kekuatan tegangan yang lebih 
tinggi yang diharapkan mampu meningkatkan dan memperbaiki hasil yang ada 
sekarang. 
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ABSTRACT 
The development of environmental friendly material, such as natural fiber composites, 
has been getting more attention in recent years due to increase in environmental 
awareness of various adverse petroleum-based polymer effects. Among all natural 
fibers, pineapple leaf fiber (PALF) has great potential as a reinforcement agent because 
it is low cost, highly available with high cellulose content, and has relatively higher 
mechanical properties as compared to other natural ﬁbers. Most previous research 
works had used PALF as reinforcement in non-biodegradable petroleum-based 
polymers to produce natural fiber composites. However, the starch-based polymer 
innovation, called tapioca biopolymer (TBP), provides an alternative for biodegradable 
matrix for the development of environmental friendly composites. Therefore, the 
combination of PALF and TBP in bio-composites development appears to be a perfect 
balance between the ecology and economic perspectives. As a new combination, this 
research was conducted to determine the optimum PALF-TBP composites combination 
parameters to produce competitive mechanical properties. To produce high mechanical 
properties, there are four essential considerations in the preparation of composites, such 
as the manufacturing process temperature, fiber length, fiber composition and treatment 
involved. The experimental work began with material characterization of TBP and 
PALF. Then, sample preparation was conducted, which consisted of fiber crushing and 
sieving, internal mixing, hot press and machining. TBP samples at different processing 
temperatures (160°C, 165°C, 170°C, 175°C, 180°C and 185°C) were prepared to 
determine the optimum processing temperature. Also, composite samples with different 
fiber lengths (0.10-0.50 mm, 0.51-1.00 mm and 1.01-2.00 mm) and different fiber 
loadings (10%, 20%, 30% and 40%) were prepared to evaluate the effect of varying 
fiber lengths and fiber loadings on mechanical properties of PALF-TBP composites. On 
the other hand, three different treatments were selected, which were maleic anhydride 
polypropylene (MAPP) compatibilizer, maleic anhydride polyethylene (MAPE) 
compatibilizer and alkali treatment for investigating the treatment effect on tensile 
properties of PALF-TBP composites. The analyses to determine the entire research 
objective consisted of thermal properties analysis and mechanical properties analysis. In 
addition, the scanning electron microscopy (SEM) analysis was carried out for result 
validation. Test results established that the optimum processing temperatures for TBP 
are 165°C to 170°C with the best combination for the development of short PALF 
reinforced TBP composite was produced by a hot press process, comprising 30% fiber 
loading and 7% MAPP coupling agent. However, the influence of various fiber lengths 
of up to 2.00 mm provided no significant influence on the production of maximum 
tensile properties. The finding demonstrated that the combination of short PALF and 
TBP had great potential as environmental friendly composites to be an alternative for 
the conventional polymers in engineering applications, especially in the automotive 
sector. Improvement of future PALF-TBP composites development, such as the 
utilization of PALF with higher tensile strength, is expected to be capable of enhancing 
and improving the present result. 
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PBS Poly (Butylene Succinate) 
PC Polycarbonate 
PE Polyethylene 
PET Polyethylene Terephthalate 
PLA Polylactic Acid 
PMC Polymer Matrix Composites 
PP   Polypropylene 
PU Polyurethane 
PVC Polyvinylchloride 
SEM Scanning Electron Microscopy 
TAPPI Technical Association of the Pulp and Paper Industry 
TBP Tapioca Biopolymer 
TGA Thermogravimetric Analysis 
UNFCC United Nations Framework Convention on Climate Change 
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